Objective: To identify clinical or demographic variables that influence long-term mortality, as well as in-hospital mortality, with a particular focus on the effects of age. Summary and Background Data: Cervical spine fractures with or without spinal cord injury (SCI) disproportionately impact the elderly who constitute an increasing percentage of the US population. Methods: We analyzed data collected for 10 years at a state-designated level I trauma center to identify variables that influenced in-hospital and long-term mortality among elderly patients with traumatic cervical spine fracture with or without SCI. Acute in-hospital mortality was determined from hospital records and long-term mortality within the study period (2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013) was determined from the National Death Index. Univariate and multivariate regression analyses were used to identify factors influencing survival. Results: Data from patients (N ¼ 632) with cervical spine fractures were analyzed, the majority (66%) of whom were geriatric (older than age 64). Most patients (62%) had a mild/moderate injury severity score (ISS; median, interquartile range: 6, 5). Patients with SCI had significantly longer lengths of stay (14.1 days), days on a ventilator (3.5 days), and higher ISS (14.9) than patients without SCI (P < .0001 for all). Falls were the leading mechanism of injury for patients older than age 64. Univariate analysis identified that long-term survival decreased significantly for all patients older than age 65 (hazard ratio [HR]: 1.07; P < .0001). Multivariate analysis demonstrated age (HR: 1.08; P < .0001), gender (HR: 1.60; P < .0007), and SCI status (HR: 1.45, P < .02) significantly influenced survival during the study period. Conclusion: This study identified age, gender, and SCI status as significant variables for this study population influencing long-term survival among patients with cervical spine fractures. Our results support the growing notion that cervical spine injuries in geriatric patients with trauma may warrant additional research.
Introduction
Within the United States, the percentage of people older than 65 years of age is increasing due to improved health care and life expectancy. 1 Cervical spine fractures with and without spinal cord injury (SCI) disproportionately impact the elderly, leading to longer hospital lengths of stay, poor functional outcomes, lower quality of life, and increased mortality. [2] [3] [4] [5] [6] [7] [8] Recent analyses of data from 488, 262 patients in the US National Inpatient Sample found that the number of traumatic cervical fractures has increased from 2005 to 2013, with >57 000 cases in 2013, with Medicare listed as the insurer for 42% of those cases. 9 For persons with traumatic spinal cord injuries, the average age at onset has risen to 42.2 years, which is due to a higher incidence among persons older than age 65. 10 Many studies have determined that falls have become the most common mechanism of injury (MOI) for cervical spine fracture with or without SCI for patients older than 45 years. 3, 7, 9, 10 Among geriatric (>65 years of age) patients with cervical spine fractures with SCI, the in-hospital mortality rates typically range from 7.5% (from 2010 to 2012) to 11% (from 2001 to 2011). 7, 11 Mortality rates at 1 year from initial injury range from 26% to 100%, depending on the neurological completeness of injury and comorbidities. 6, 7 Given the increasing age of patients with cervical fractures, the influence of age on their in-hospital mortality is a topic of current investigation. For example, at a regional trauma center, Martin and colleagues found that inhospital mortality was higher for patients with cervical SCI older than age 75. 12 Much less is known about long-term mortality in geriatric patients with cervical spine fracture, with or without SCI. Here, the goal was to use data collected from a large number of patients with cervical spine fracture treated over a 10-year period at a New York State-designated level I trauma center to identify clinical or demographic variables that influence long-term mortality, as well as in-hospital mortality, with a particular focus on the effects of age.
Methods

Study Design and Cohort Characteristics
This retrospective cohort study was approved by the local institutional review board. Inclusion criteria for patients admitted over a 10-year period (January 1, 2003, to December 31, 2013) to the state-designated level I trauma center were !18 years of age, International Classification of Diseases, 9th revision (ICD)-9 codes 806, 952, 805.0 to 805.1, corresponding to fracture of the cervical vertebral column with SCI, SCI without evidence of spinal bone injury, and fracture of the cervical vertebral column without SCI. Clinical and demographic data were abstracted retrospectively from a prospectively collected Trauma Registry ("Trauma One," Version 4.11, Lancet Technology, Boston, Massachusetts) and from medical records. Neurologic level of injury was classified as high (C1-4), low (C5-C7), multiple levels (C1-C7), or unspecified cervical levels as indicated by the available ICD-9 code in the Trauma Registry. Data analyzed included medical diagnoses prior to injury, MOI, hospital length of stay (LOS), ventilator use, Glasgow Coma Scale (GCS) scores, and discharge disposition. We also analyzed injury severity scores (ISS), which were calculated using the AIS-90 system, (TraumaOne; Lancet Technology, Boston, MA, USA) and defined as severe (>15), moderate (9) (10) (11) (12) (13) (14) (15) , or mild (<9). The GCS scores were defined as severe ( 8) , moderate (9) (10) (11) (12) , or mild (!13) head injury. Patients with severe traumatic brain injury, indicated by GCS score, were excluded from our analysis, as this would confound our interpretation of the influence of SCI on mortality. Preinjury medical comorbidities were classified by the Charlson Comorbidity Index (CCI) as done previously by Furlan and Fehlings. 6, 13 Survival after acute hospitalization during the remainder of the study period was determined by data obtained from the US National Death Index (NDI), part of the National Center for Health Statistics.
Statistical Analysis
Descriptive statistics and analyses were generated using SAS (Version 9.3, SAS Institute Inc., Cary, North Carolina). To detect associations between categorical variables, data were examined using w 2 or Fisher exact test. For continuous variables, either t tests or Mann-Whitney U tests were used, as appropriate. The Kaplan-Meier product limit method was used to estimate patient survival and the log rank test was used to compare survival between the groups. Factors specified as being clinically important a priori (age, gender, and SCI) along with those factors found to be associated with survival in a univariate screen using Cox regression (P < .05), were included in a multivariate Cox regression in order to examine the joint effects of those factors on survival, to estimate adjusted hazard ratios (HRs) and their corresponding 95% confidence intervals (CIs). A backward selection algorithm was applied in order to arrive at a parsimonious model, removing variables that did not contribute significant information to the model. For descriptive purposes only, survival analysis was performed using data from patients binned by age-group ( Figure 1 ), and Hall-Wellner 95% confidence bands are indicated. 14 
Results
A total of 632 adults meeting eligibility criteria were admitted to our state-designated level I trauma center during the 10-year period of interest (January 1, 2003, to December 31, 2012; Table 1 , Figure 1A and B). The number of years of patient follow-up after discharge is shown in Figure 1C .
The median age of all patients was 77 (range 18-101) years, and 66% were at least 65 years of age. Almost equal percentages of males (51%) and females (49%) were included in the study. The majority (83%) of patients included were white. The majority (71%) of patients had cervical spine fractures without SCI, and a minority (28.5%) had cervical spine fractures with SCI. Falls were the most common MOI (71% of all patients), followed by motor vehicle accident (MVA). Most (59%) patients had a cervical spine fracture at levels C1 to C4 ( Table  1 ). The ISS was mild/moderate for 85% of all patients, and per exclusion criteria, the average GCS was 14.7 + 0.01 (mean + standard error of the mean [SEM]). Ventilator support was used in less than 2% of all patients. As done by Furlan and Fehlings, we used the CCI to compare major comorbidity burden across age-groups. 6, 13 Most (94%) patients had a CCI of 0 to 2. Consistent with the age of the study population, 92% of patients had their medical expenses paid either by Medicare or by commercial insurance (Table 1) . Approximately half of all patients were discharged home. Acute in-hospital mortality was 4% across all patients (Table 1) .
To investigate potential correlations between age and other clinical and demographic variables in this cohort, we compared patients by age-group at the time of cervical spine fracture:
(1) younger than 65 years, (2) 65 to 84 years, or (3) at least 85 years. We determined 34% were younger than 65 years, 40% were 65 to 84 years, and 26% of patients were at least 85 years (Table 1) . As expected, the percentage of injuries due to falls increased with age: 41% in persons younger than 65 years, 83% in persons 65 to 84 years, and 93% in persons at least 85 years. The MVA was the next most common MOI, which declined with age-group. In each age-group, a minority of patients had cervical fractures with SCI. Consistent with observation that the frequency of falls increases with age and falls incur low-velocity injuries, the percentage of patients with SCI declined with age: 42% in persons younger than 65 years, 28% in persons 65 to 85 years, and 13% in persons !85 years (Table 1 ; P ¼ .0001 w 2 ). Conversely, the proportion of patients with mild/moderate ISS scores increased with age: 80% in persons younger than 65 years, 85% in persons 65 to 84 years, and 93% in persons at least 85 years ( Table 1 , P ¼ .0024 w 2 ).
Within each age-group, we next determined the number of comorbidities reflected by CCI scores as done previously. 6 Most patients had 0 to 2 comorbid conditions categorized by the CCI, and the CCI was not statistically significant by agegroup (P ¼ .59, w 2 ): 97% in patients younger than age 65 years, 94% in patients 65 to 84 years, and 91% in patients !85 years old. Hospital LOS (10.1 + 0.6 days, mean + SEM), and the number of days on ventilator (1.4 + 0.2 days, mean + SEM) were similar among persons in all age-groups (Table 1) . Discharge dispositions for patients were either home (with or without services) or to a rehabilitation facility. For patients younger than age 65 years, 77% were discharged home and 22% were discharged to a rehabilitation unit (1.4% died in hospital). For persons 65 to 85 years old, 47% were discharged home and 49% to rehabilitation unit or facility (4% died in hospital). For patients !85 years of age, 25% were discharged home and 65% to rehabilitation unit or facility (9% died in hospital). Among persons younger than 65 years old, 91% survived during study period. For persons aged 65 to 84 years old, 56% survived during the study period. For persons !85 years old, 30% survived during study period (Table 1) .
In order to explore correlations of SCI with other clinical and demographic variables, data were next stratified by SCI status ( Table 2) . As mentioned earlier, 28.5% of patients with cervical spine fractures had a SCI, and the percentage ranged from 20.5% to 54% for any given year of the study. Males accounted for 62% of patients with cervical spine fractures with SCI and 46% without SCI. At the time of hospital admission, the mean age of patients without SCI was older than with SCI (P < .0001; Figure 2A ). Falls was the most common MOI for patients with or without SCI as expected. Also as expected, ISS was significantly higher in patients with versus without SCI (14.9 vs. 5.9, P < .0001; Figure 2B ) as was hospital LOS (14.1 vs 8.3, P < .0001; Figure 2C ) and days with ventilator assistance (3.5 vs 0.64, P < .0001; Figure 2D ). The GCS and CCI scores did not differ significantly by SCI status. The primary discharge disposition for patients both with and without SCI was home (49% vs 53%) followed by rehabilitation. Acute in-hospital mortality was less than 10% for all patients: 7% for SCI and 3% for without SCI (Tables 1-2) . As expected, the percentage of patients with in-hospital mortality increased with age: 0.47% in persons younger than 65 years, 1.58% in persons 65 to 85 years, and 2.37% in persons !85 years (Tables 1 and 3 ). Of patients with in-hospital mortality, 64% were male, and the most common MOI was falls ( Table 3 ). As expected, in-hospital mortality was higher for the group with severe ISS scores (Table 3) .
To determine whether there were differences in survival between patients with cervical spine fracture with or without SCI after acute hospitalization but during the study period, the NDI was searched for data from the 95.5% of patients (n ¼ 604) who survived acute hospitalization. Most (68%) patients were alive during the entire study period, while a record of death for 32% of patients was identified in the NDI data ( Figure 1A) . Within the study period, 65% of patients with cervical spine fractures without SCI survived as did 67% of patients with cervical spine fractures with SCI ( Figure 1B) . The average follow-up beyond acute hospitalization in the study was 63.56 months + 1.554 (mean + SEM) or 5.29 years ( Figure 1C ). We examined the age distribution of participants during the course of the study and found that from its initiation to completion, the percentage of total patients with cervical spine fractures (with or without SCI) rose from 5.38 to 12.97% (Table 4 ).
For the remaining study period beyond acute hospitalization, we performed a univariate screen of the influence of individual clinical and demographic variables on survival. Specifically, we screened for effects of age, gender, SCI status, race, medical insurance provider, and MOI ( Table 5 ). The most significant variables influencing mortality in the univariate model were age (HR: 1.07, 95% CI ¼ 1.06-1.08), race (white, HR: 2.07, CI ¼ 1.32-3.25), Medicare/commercial insurance(HR: 1.32, CI ¼ 2.87-17.0), and MOI falls (HR: 17.49, CI ¼ 2.45-124.8; Table 5 ). Significant factors were then included in a multivariate regression analysis to test their joint effects on survival. Age (as a continuous variable; HR: 1.08, CI ¼ 1.06-1.09), gender (male; HR: 1.60, CI ¼ 1.22-2.10), or SCI (HR: 1.45, CI ¼1.06-1.97) were significant predictors of mortality ( Table 5 , right). 
Discussion
Nationally, the elderly population is increasing, and by 2050, the number of people older than 65 years of age is projected to double. 1 Risk factors for mortality among elderly patients with cervical spine fracture (with or without SCI) are of increasing interest. 4, 15, 16 Falls are the most common MOI for persons with SCI and for persons with cervical spine fractures. [7] [8] [9] 17 Trauma resulting from a fall, although a low-velocity MOI, may cause serious injuries in the elderly individuals because of frailty, decreased bone mineral density, and frequent comorbidities. 15, 18, 19 In the case of a trauma that results in a SCI, elderly patients have less functional recovery. 6 Many studies have shown previously that age among patients with trauma was associated with increased mortality, which was also related to injury level, severity, and other factors. 12, 20 Here, we retrospectively analyzed data from 632 cervical spine fracture patients, with 212 who were <65 years old, 253 patients who were 65 to 84 years, and 167 who were older than 85 years (Tables 1, 3, and 4 ). The study site was located in New York state, where 85.5% of counties exceed the national percentage of population 65 years and over, and 80.6% of counties exceed the national percentage of population 85 years and older. 21 In the 2010 US Census, the local county reported 16.7% of residents older than 65 years of age, which is slightly higher than the national average of 15.1%. 1, 21 It is therefore not surprising that within this study, the percentage of patients aged (Table 4 ). While acute in-hospitalization mortality in this and other studies is relatively low, it is increasingly of interest to understand what variables may correlate with long-term outcomes in elderly trauma patients. Overall, we had an almost equal gender distribution, while patients with SCI were predominantly male which is consistent with data from that National Spinal Cord Injury Statistical Database. 22 In agreement with previous studies, falls constituted the most common etiology of injury among all patients, and consistent with this MOI, the majority of injuries occurred at the C1 to C4 levels ( Table 2 ). The ISS and GCS were mostly mild to moderate also consistent with falls being the most common MOI. 11 The consistently low ISS scores limit the value of ISS as a predictor of mortality in this study population. The number of comorbidities as indicated by CCI did not increase with age in our study cohort, but the number was generally low for all participants, consistent with a large study of Medicare patients, where most patients also had a CCI of 0 to 2 ( Table 1) . 23 Recent studies with large samples in the United States and United Kingdom have demonstrated that a change in CCI over time may be a better predictor of long-term mortality than a single baseline measurement as done here. 24, 25 There are also efforts to improve the predictive power of CCI by refining it or using it in a combinatorial scoring system that incorporates the Elixhauser system. 23 In this study, patients with SCI were younger, had higher ISS scores, greater hospital lengths of stay, and greater number of days on a ventilator (Figure 3 ). In-hospital mortality increased by agegroup was higher among males, patients with SCI, and severe ISS (Table 1 and 3 ). Age-group was not a significant factor influencing mortality when treated as a categorical variable ( Figure 3 ) as found in a neighboring county. 19 However, in a univariate screen for factors influencing mortality during the study period, age as a continuous variable, race (white), insurance (Medicare), and MOI (fall) were significant variables influencing long-term survival ( Table 5 ). We recognize that older people are more likely to have Medicare and to sustain their cervical spine fracture as a result of a fall. In a multivariate analysis, age, gender, and SCI status were significant variables influencing long-term survival in patients with cervical spine fracture ( Table 5 ).
There were several strengths to this study: the large number of patients older than 64 (n ¼ 420) years and over than 85 (n ¼ 167) Figure 3 . Survival of patients with and without SCI stratified by age group for descriptive purposes, data was binned according to age group, as designated in the figure. Kaplan years, the comparisons of patients with cervical spine fractures with and without SCI, and the incorporation of long-term (*5 years of follow-up) mortality data from the NDI. Despite these strengths, the study had several limitations. A limitation of this study, which is inherent in all longitudinal trauma registry studies, is that data on comorbidities, which are not the main focus of trauma registry registries, may be underestimated. We did not include an analysis of imaging, types of nonsurgical or surgical procedures, or time to surgery, all of which are important factors in traumatic SCI. [26] [27] [28] For example, a study from the Rick Hansen Spinal Cord Injury Registry in Canada found that patients older than 65 years were less likely to receive acute surgery, and patients older than 70 years experienced a significant delay in time to surgery. 29 Rehabilitation (duration, intensity, and type) may also have influenced long-term mortality. We did not have access to consistent data on functional outcomes as indicated by American Spinal Injury Association (ASIA) scale grade or Functional Independence Measure (FIM) scores or to incidence of pneumonia or other infections during hospitalization, which may be related to functional outcomes and mortality. 30, 31 We also did not have data readily available for transfusion of packed red cells, which has been incorporated into the Geriatric Trauma Outcome Score (GTOS) recently developed. 27 However, data thus far have not shown that the GTOS is useful for predicting long-term mortality. 32 Data available for discharge status was limited and did not distinguish between home with or without services or between different types of rehabilitation settings. In addition, for the period beyond acute hospitalization, data were not available for causes of death. Despite these limitations, the present study includes a very large number of geriatric trauma patients and highlights the association of increasing age with increased mortality for persons with cervical spine fractures, both with and without SCI. Future prospective studies are needed to ascertain whether treatment algorithms or resource allocation should be stratified by age among patients with traumatic cervical spine fractures. Abbreviations: CI, confidence interval; MOI, mechanism of injury; MVA, motor vehicle accident; ISS, injury severity scores; SCI, spinal cord injury.
